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CONDUCTIVE STRUCTURE FORMED BY
CYCLIC CHEMICAL VAPOR DEPOSITION

BACKGROUND

Semiconductor devices are used 1n a variety of electronic
applications, such as personal computers, cell phones, digi-
tal cameras, and other electronic equipment. Semiconductor
devices are typically fabricated by sequentially depositing
isulating or dielectric layers, conductive layers, and semi-
conductor layers of material over a semiconductor substrate,
and patterning the various material layers using lithography
and etching processes to form circuit components and ele-
ments thereon.

Although existing semiconductor manufacturing pro-
cesses have generally been adequate for their intended
purposes, as device scaling-down continues, they have not
been entirely satistactory in all respects.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It should be noted that, 1n accordance
with standard practice in the industry, various features are
not drawn to scale. In fact, the dimensions of the various
features may be arbitrarily increased or reduced for clarity of
discussion.

FIGS. 1A, 1B, 1C, 1D, and 1E are a series of cross-
sectional views illustrating various stages ol a method for
forming a semiconductor structure 1n accordance with some
embodiments.

FIGS. 2A, 2B, 2C, 2D, 2E, 2F, and 2G are a series of
cross-sectional views 1llustrating various stages of a method
for forming a semiconductor structure 1 accordance with
some embodiments.

FIGS. 3A, 3B, 3C, 3D, 3E, and 3F are a series of
perspective views 1llustrating various stages of a method for
forming a semiconductor structure in accordance with some
embodiments.

FIGS. 4A and 4B are a series of cross-sectional views
which are taken along the cut line A-A of FIG. 3F and
illustrate various stages of a method for forming a semicon-
ductor structure 1n accordance with some embodiments.

DETAILED DESCRIPTION

The {following disclosure provides many diflerent
embodiments, or examples, for implementing different fea-
tures of the subject matter provided. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments 1n
which the first and second features are formed i1n direct
contact, and may also mclude embodiments 1n which addi-
tional features may be formed between the first and second
features, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition 1s for the purpose of simplicity and
clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.

Furthermore, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element

A B 4

10

15

20

25

30

35

40

45

50

55

60

65

2

or feature’s relationship to another element(s) or feature(s)
as 1llustrated 1n the figures. The spatially relative terms are
intended to encompass different orientations of the device 1in
use or operation 1n addition to the orientation depicted 1n the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly. It should be understood that additional operations can
be provided belore, during, and after the method, and some
ol the operations described can be replaced or eliminated for
other embodiments of the method.

Fin structures described below may be patterned by any
suitable method. For example, the fins may be patterned
using one or more lithography processes, including double-
patterning or multi-patterning processes. Generally, double-
patterning or multi-patterning processes combine lithogra-
phy and self-aligned processes, allowing patterns to be
created that have, for example, pitches smaller than what 1s
otherwise obtainable using a single, direct lithography pro-
cess. For example, 1n one embodiment, a sacrificial layer 1s
formed over a substrate and patterned using a lithography
process. Spacers are formed alongside the patterned sacri-
ficial layer using a self-aligned process. The sacrificial layer
1s then removed, and the remaining spacers may then be
used to pattern the fins.

Embodiments of methods for forming semiconductor
structures are provided. The method may include forming a
conductive structure over a dielectric structure using mul-
tiple deposition processes and at least one modification
process. The deposition process may include introducing a
first gas on the dielectric structure to form a first conductive
structure on the dielectric structure. The modification pro-
cess may include introducing a second gas on the first
conductive structure to modily the first conductive structure.
The deposition process may be repeated and the modifica-
tion process(es) may be performed between respective depo-
sition processes, so that the resulting conductive structure on
the dielectric structure may have fewer defects.

FIGS. 1A, 1B, 1C, 1D, and 1E are cross-sectional repre-
sentations of various stages of a method for forming a
semiconductor structure, in accordance with some embodi-
ments of the present disclosure.

A semiconductor substrate 100 1s provided, as shown 1n
FIG. 1A 1n accordance with some embodiments. The semi-
conductor substrate 100 may be a semiconductor wafer such
as a silicon wafer. The semiconductor substrate 100 may
include elementary semiconductor materials, compound
semiconductor materials, and/or alloy semiconductor mate-
rials. Examples of the elementary semiconductor materials
may include, but are not limited to, crystal silicon, polycrys-
talline silicon, amorphous silicon, germanium, and/or dia-
mond. Examples of the compound semiconductor materials
may include, but are not limited to, silicon carbide, galllum
arsenic, gallium phosphide, indium phosphide, ndium
arsenide, and/or indium antimonide. Examples of the alloy
semiconductor materials may include, but are not limited to,
S1Ge, GaAsP, AllnAs, AlGaAs, GalnAs, GalnP, and/or
(GalnAsP. In some embodiments, the semiconductor sub-
strate 100 1includes an epitaxial layer. For example, the
semiconductor substrate 100 may have an epitaxial layer
overlying a bulk semiconductor. In some embodiments, the
semiconductor substrate 100 includes a semiconductor-on-
insulator (SOI) substrate. The SOI substrate may be fabri-
cated using a walfer bonding process, a silicon film transfer
process, a separation by implantation of oxygen (SIMOX)
process, another applicable process, or a combination
thereof.
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Various active elements (not shown) may be formed 1in
and/or over the semiconductor substrate 100. Examples of
the wvarious active elements include transistors, diodes,
another applicable element, or a combination thereof. For
example, the transistors may be metal oxide semiconductor
field eflect transistors (MOSFET), complementary metal
oxide semiconductor (CMOS) transistors, bipolar junction
transistors (BJT), high-voltage transistors, high-frequency
transistors, p-channel and/or n-channel field eflect transis-
tors (PFETs/NFETs). In some embodiments, the semicon-
ductor substrate 100 includes a fin field eflect transistor
(FinFET). Various passive elements (not shown) may be
formed 1n and/or over the semiconductor substrate 100.
Examples of the various passive elements include capaci-
tors, inductors, resistors, another applicable passive element,
or a combination thereol. Various processes, such as front-
end-of-line (FEOL) semiconductor fabrication processes,
may be performed to form the various active elements and
passive elements. The FEOL semiconductor fabrication pro-
cesses may include deposition, etching, implantation, lithog-
raphy, annealing, planarization, one or more other applicable
processes, or a combination thereof.

In some embodiments, 1solation features (not shown) are
formed 1n the semiconductor substrate 100. The 1solation
features may be used to define active regions and electrically
1solate various elements formed 1n and/or over the semicon-
ductor substrate 100 in the active regions. In some embodi-
ments, the 1solation features include shallow trench 1solation
(STI) features, local oxidation of silicon (LOCOS) features,
other suitable 1solation features, or a combination thereof.

Afterwards, a dielectric structure 102 1s formed over the
semiconductor substrate 100, as shown in FIG. 1A 1n
accordance with some embodiments. The dielectric structure
102 may be a gate dielectric layer, an interlayer dielectric
layer, a spacer (e.g., a gate sidewall spacer), another appli-
cable dielectric structure, or a combination thereof.

In some embodiments, the dielectric structure 102 1s made
of silicon oxide, silicon nitride, silicon oxynitride, silicon
carbide, another applicable dielectric material, or a combi-
nation thereof.

In some embodiments, the dielectric structure 102 1s made
of high-k dielectric materials, such as metal oxides, metal
nitrides, metal silicates, transition metal-oxides, transition
metal-nitrides, transition metal-silicates, or oxynitrides of
metals. Examples of the high-k dielectric material include,
but are not limited to, hatmium oxide (HIO,), hatnium
s1licon oxide (HIS10), hatnium silicon oxynitride (HIS10N),
hatnium tantalum oxide (HifTaO), hainium titanium oxide
(HfT10), hainium zircommum oxide (HiZrO), zirconium
oxide, titanium oxide, aluminum oxide, hatnium dioxide-
alumina (H1O,—A1,0,) alloy, or other applicable dielectric
materials.

In some embodiments, the dielectric structure 102 1s made
of tetraecthoxysilane, phosphosilicate glass (PSG), borophos-
phosilicate glass (BPSG), fluorosilicate glass (FSG), hydro-
gen silsesquioxane (HSQ), other applicable dielectric mate-
rials, or a combination thereof.

The dielectric structure 102 may be formed using a
chemical vapor deposition (CVD) process (e.g., a high-
density plasma chemical vapor deposition (HDPCVD) pro-
cess, an atmospheric pressure chemical vapor deposition
(APCVD) process, a low-pressure chemical vapor deposi-
tion (LPCVD) process, and a plasma enhanced chemical
vapor deposition (PECVD) process), a spin-on coating pro-
cess, an atomic layer deposition process, another applicable
process, or a combination thereof.
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Afterwards, first conductive structures 104 are formed on
a top surface 10271 of the dielectric structure 102, as shown
in FIG. 1A 1n accordance with some embodiments. The first
conductive structures 104 may be 1n direct contact with the
top surface 10271 of the dielectric structure 102. In some
embodiments, the top surface 1021 of the dielectric structure
102 1s exposed between the first conductive structures 104,
as shown in FIG. 1A.

In some embodiments, the first conductive structures are
made of a metal, and the metal 1s ruthenium (Ru), iridium
(Ir), rhodium (Rh), molybdenum (Mo), nickel (N1), or
platinum (Pt).

In some embodiments, the first conductive structures 104
are nucle1l of a metal (e.g., Ru, Ir, Rh, Mo, Ni, or Pt), and the
top surface 102T of the dielectric structure 102 includes
functional groups (e.g., hydroxyl group) to serve as nucle-
ation sites for forming the first conductive structures 104. In
some embodiments, the dielectric structure 102 includes
hydroxyl group on a matenial such as S10,, T10,, Al,O;,
H1O,, Hf Zr O,, MgO, La,O,, or ZrO,. In some embodi-
ments, the top surface 1027 1s a surface of a material such
as SINH, oxides (e.g., Ti0,, and ZrO,), graphene, or moly
sulfide.

In some embodiments, the first conductive structures 104
are formed on the top surface 102T of the dielectric structure
102 using a chemical vapor deposition process. In some
embodiments, the chemical vapor deposition process for
forming the first conductive structures 104 includes intro-
ducing a gas G1 on the top surface 102T of the dielectric
structure 102, as shown 1n FIG. 1A. In some embodiments,
the gas G1 includes the metal of the first conductive struc-
tures 104. In some embodiments, the gas G1 includes a
precursor containing the metal of the first conductive struc-
tures 104. In some embodiments, the metal 1n the precursor
in the gas G1 1s deposited on the top surface 10271 of the
dielectric structure 102 by a chemical vapor deposition to
form the first conductive structures 104.

In some embodiments, the first conductive structures 104
are made of Ru, and the precursor 1n the gas G1 includes Ru
containing compounds, such as Ru,(CO),,, Ru(CO).,
C,oH,;Ru, Ru(CO);C,Hy;, Ru(CO),(tmhd),, Ru(CO),
(acac),, Ru(C.H,)(C.Hg), Ru(acac),, RuO,, Ru(EtCp).,,
RuCpPy, Ru Carbonyl diketone derivatives, Ru cyclopen-
tadienyl derivatives, or a combination thereof.

In some embodiments, the first conductive structures 104
are made of Ir, and the precursor 1n the gas G1 includes Ir
containing compounds, such as IrF,, Ir(CH,COCHCO-
CH3),, or a combination thereof. In some embodiments, the
first conductive structures 104 are made of Rh, and the
precursor 1n the gas G1 includes Rh containing compounds,
such as Rh(CH,COCHCOCH,);, Rh(CO),, Rh(C.H,F,
O,),, or a combination thereof. In some embodiments, the
first conductive structures 104 are made of Mo, and the
precursor 1n the gas G1 includes Mo containing compounds,
such as MoCl,, MoF ., Mo(CO),, or a combination thereof.
In some embodiments, the first conductive structures 104 are
made of Ni, and the precursor 1in the gas G1 includes Ni
containing compounds, such as Ni(CO),, Ni(C.H),,
Ni1(C.HF .O,),, or a combination thereof. In some embodi-
ments, the first conductive structures 104 are made of Pt, and
the precursor 1n the gas G1 includes Pt containing com-
pounds, such as Pt(CO),Cl.,.

The chemical vapor deposition process for forming the
first conductive structures 104 may be performed in a
deposition chamber. In some embodiments, the semiconduc-
tor substrate 100 and the dielectric structure 102 are trans-
ferred into a deposition chamber, and then the gas G1 1s
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introduced into the deposition chamber to form the first
conductive structures 104 by a chemical vapor deposition.

In some embodiments, during the chemical vapor depo-
sition process for forming the first conductive structures
104, the gas GG1 1s introduced 1nto the deposition chamber at
a flow rate 1n a range from about 0.1 sccm to about 1000
sccm. In some embodiments, during the chemical vapor
deposition process for forming the first conductive structures
104, the gas 1 1s introduced 1nto the deposition chamber at
a tlow rate 1n a range from about 10 sccm to about 500 sccm.
The flow rate of the gas G1 may be adjusted so that the
resulting first conductive structures 104 may have improved
uniformity.

In some embodiments, during the chemical vapor depo-
sition process for forming the first conductive structures
104, the gas G1 1s introduced into the deposition chamber
for a duration 1n a range from about 5 seconds to about 5000
seconds. In some embodiments, during the chemical vapor
deposition process for forming the first conductive structures
104, the gas G1 1s mtroduced into the deposition chamber
for a duration 1n a range from about 1 second to about 60
seconds. When the duration 1s too long, 1t 1s likely that top
portions of adjacent first conductive structures 104 are
connected while bottom portions of adjacent first conductive
structures 104 remain unconnected, which may result 1n
disadvantageous voids or seams between adjacent first con-
ductive structures 104. When the duration 1s too short, 1t may
be diflicult to control the deposition behavior of the first
conductive structures 104.

In some embodiments, during the chemical vapor depo-
sition process for forming the first conductive structures
104, the pressure mside the deposition chamber 1s 1n a range
from about 0.0001 torr to about 2 torr. In some embodi-
ments, during the chemical vapor deposition process for
forming the first conductive structures 104, the pressure
inside the deposition chamber is 1 a range from about
0.0001 torr to about 0.01 torr. The pressure inside the
deposition chamber during the chemical vapor deposition
process for forming the first conductive structures 104 may
be adjusted so that the uniformity of the first conductive
structures 104 may be improved.

In some embodiments, the metal included in the gas G1
for forming the first conductive structures 104 1s deposited
on the top surface 102T of the dielectric structure 102 at a
deposition temperature 1n a range from about 120° C. to
about 170° C. The deposition temperature may be adjusted
so that defects 1n the first conductive structures 104 may be
reduced. The deposition temperature may be defined as the
temperature of the dielectric structure 102 (e.g., the tem-
perature ol a surface of the dielectric structure 102) or the
temperature of the semiconductor substrate 100 (e.g., the
temperature of a surface of the semiconductor substrate 100)
measured 1n the deposition chamber by a thermometer (e.g.
a thermocouple) during the chemical vapor deposition pro-
cess for forming the first conductive structures 104. For
example, the semiconductor substrate 100 and the dielectric
structure 102 may be placed on a holder 1n the deposition
chamber, and the holder may include a heater which may be
used to heat the semiconductor substrate 100 and the dielec-
tric structure 102 to a desired deposition temperature.

Afterwards, a modification process 1s performed to
modily surface properties of the first conductive structures
104, 1n accordance with some embodiments. In some
embodiments, the modification process includes introducing
gas (G2 on surfaces of the first conductive structures 104 and
the exposed top surtace 1027 of the dielectric structure 102
to modily the surface properties of the first conductive
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6

structures 104, as shown 1n FIG. 1B. The introduction of the
gas (G2 1n the modification process may also modily a
surface property of the exposed top surface 102T of the
dielectric structure 102.

The gas G2 used 1n the modification process may passi-
vate the surfaces of the first conductive structures 104 so that
it becomes more diflicult to form conductive structures (e.g.,
the second conductive structures 106 which will be dis-
cussed 1n the following paragraphs) on the surfaces of the

first conductive structures 104. For example, CO, NH;, O,,
N,O, NO, H,, N,, or a combination thereof may be included
in the gas G2 to passivate the surfaces of the first conductive
structures 104.

In some embodiments, the gas G2 also passivates the
exposed top surface 102T of the dielectric structure 102, but
the passivating eflect on the surfaces of the first conductive
structures 104 1s greater than the passivating eflect on the
exposed top surface 10271 of the dielectric structure 102. In
some embodiments, due to the modification process, form-
ing conductive structures on the surfaces of the first con-
ductive structures 104 1s more dithicult than forming con-
ductive structures on the exposed top surface 10271 of the
dielectric structure 102.

In some embodiments, a portion P1 of the gas G2 1s
absorbed on the surface of the first conductive structure 104,
and a portion P2 of the gas G2 1s absorbed on the exposed
top surtace 1027 of the dielectric structure 102, as shown 1n
FIG. 1B. The bonding strength between the first conductive
structure 104 and the portion P1 of the gas G2 may be higher
than the bonding strength between the dielectric structure
102 and the portion P2 of the gas G2. Therefore, the
minimum energy to remove the portion P1 of the gas G2
from the surface of the first conductive structure 104 may be
greater than the minimum energy to remove the portion P2
of the gas G2 from the top surface 102T of the dielectric
structure 102. For example, the portion P1 of the gas G2 may
be chemically absorbed on the surface of the first conductive
structure 104, while the portion P2 of the gas G2 may be
physically absorbed on the top surtace 102T of the dielectric
structure 102. For example, the portion P1 of the gas G2 may
bind to the surface of the first conductive structure 104
through a chemical bond, while the portion P2 of the gas G2
may bind to the top surface 102T of the dielectric structure
102 through a physical bond.

In some embodiments, since the bonding strength
between the first conductive structure 104 and the portion P1
of the gas G2 1s greater than the bonding strength between
the dielectric structure 102 and the portion P2 of the gas G2,
the passivating eflect of the gas G2 on the surface of the first
conductive structure 104 is greater than the passivating
ellect of the gas G2 on the top surface 102T of the dielectric
structure 102 exposed between the first conductive struc-
tures 104.

In some embodiments, the gas G2 1s free of the metal
included 1n the gas G1 (1.e., the metal used to form the first
conductive structures 104). For example, the gas G2 may not
include Ru, Ir, Rh, Mo, N1, Pt, or a combination thereof. In
some embodiments, since the gas G2 does not include the
metal the same as the metal of the first conductive structures
104, no conductive structure made of the metal the same as
the metal of the first conductive structures 104 1s formed on
the first conductive structures 104 and the dielectric struc-
ture 102 during the introduction of the gas G2.

The gas G1 and the gas G2 may be introduced into the
same deposition chamber. In some embodiments, after the
formation of the first conductive structures 104, the gas G2
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1s 1troduced into the deposition chamber where the chemi-
cal vapor deposition for forming the first conductive struc-
tures 104 1s performed.

In some embodiments, the gas G2 1s mtroduced 1nto the
deposition chamber at a flow rate in a range from about 50
sccm to about 10000 sccm. In some embodiments, the gas
(G2 1s introduced 1nto the deposition chamber at a flow rate
in a range from about 50 sccm to about 5000 sccm. When the
flow rate of the gas G2 1s too low, the surfaces of the first
conductive structures 104 may not be etliciently passivated.
When the tlow rate of the gas G2 1s too high, the manufac-
turing cost may be increased.

In some embodiments, the gas G2 1s mtroduced 1nto the
deposition chamber for a duration 1n a range from about 5
seconds to about 300 seconds. When the duration 1s too
short, the surfaces of the first conductive structures 104 may
not be sufliciently passivated. When the duration of 1s too
long, the manufacturing cost may be increased.

In some embodiments, during the introduction of the gas
G2 into the deposition chamber, the pressure inside the
deposition chamber 1s 1in a range from about 0.0001 torr to
about 0.01 torr. In some embodiments, during the introduc-
tion of the gas G2 into the deposition chamber, the pressure
inside the deposition chamber 1s 1 a range from about
0.0001 torr to about 5 torr. When the pressure inside the
deposition chamber during the mtroduction of the gas G2
into the deposition chamber 1s too low or too high, 1t 1s
difficult to control the passivating eflect of the gas G2 on the
surfaces of the first conductive structures 104.

Afterwards, purging gas G3 may be optionally introduced
on the surfaces of the first conductive structures 104 and the
top surface 10271 of the dielectric structure 102, as shown in
FIG. 1C 1n accordance with some embodiments. The purg-
ing gas G3 may be used to purge the top surface 10271 of the
dielectric structure 102 and/or the surfaces of the first
conductive structures 104. In some embodiments, the purg-
ing gas G3 includes N,, Ar, He, or a combination thereof.

In some embodiments, the portion P2 of the gas G2 1s
removed from the top surface 102T of the dielectric structure
102 by purging the top surface 102T of the dielectric
structure 102 with the purging gas G3, as shown 1n FIG. 1C.
In some embodiments, since the bonding strength between
the first conductive structure 104 and the portion P1 of the
gas (G2 1s higher than the bonding strength between the
dielectric structure 102 and the portion P2 of the gas G2,
removing the portion P2 of the gas G2 from the dielectric
structure 102 by the purging gas G3 1s easier than removing
the portion P1 of the gas G2 from the first conductive
structure 104 by the purging gas G3. In some embodiments,
the portion P2 of the gas G2 1s removed from the top surface
10271 of the dielectric structure 102 by the purging gas G3
while the portion P1 of the gas G2 1s still left on the surfaces
of the first conductive structures 104. In some embodiments,
since the portion P2 of the gas G2 1s removed from the top
surface 102T of the dielectric structure 102 by the purging
gas (3, the passivating eflect of the gas G2 on the top
surface 1027 1s decreased. In some embodiments, since the
top surtace 102T of the dielectric structure 102 and the
surfaces of the first conductive structures 104 are purged by
the purging gas 3, the passivating effect of the gas G2 on
the top surtface 102T of the dielectric structure 102 becomes
turther lower than the passivating etfect of the gas G2 on the
surtaces of the first conductive structures 104.

The purging gas (3, the gas G2 and the gas G1 may be
introduced 1nto the same deposition chamber. In some
embodiments, the purging gas G3 1s mntroduced into the
deposition chamber at a flow rate in a range from about 10

10

15

20

25

30

35

40

45

50

55

60

65

8

sccm to about 1000 sccm for a duration in a range from
about 5 seconds to about 300 seconds, and the pressure
inside the deposition chamber during the introduction of the
purging gas G3 into the deposition chamber 1s 11 a range
from about 0.0001 torr to about 0.01 torr. The flow rate of
the purging gas G3, the duration of the introduction of the
purging gas G3 into the deposition chamber, and/or the
pressure mside the deposition chamber during the introduc-
tion of the purging gas G3 may be adjusted so that the
passivating elflects of the gas G2 on the first conductive
structures 104 and on the dielectric structure 102 may be
cllectively tuned.

Afterwards, second conductive structures 106 are formed
on the top surface 102T of the dielectric structure 102
exposed between first conductive structures 104, as shown
in FIG. 1D 1 accordance with some embodiments. The
second conductive structures 106 may be in direct contact
with the top surface 1021 of the dielectric structure 102. The
second conductive structures 106 may be formed between
two adjacent {first conductive structures 104. In some
embodiments, the first conductive structures 104 and the
second conductive structures 106 are configured to form at
least a portion of a conductive structure (e.g., a source/drain
contact structure, a conductive via structure, or a gate
clectrode layer), and the details will be discussed 1n the
tollowing paragraphs.

In some embodiments, since the passivating eflect of the
gas G2 on the surfaces of the first conductive structures 104
1s greater than the passivating effect of the gas G2 on the
exposed top surface 102T of the dielectric structure 102,
conductive structures (e.g., the second conductive structures
106) tend to form directly on the exposed top surface 102T
of the dielectric structure 102 rather than form directly on
the surfaces of the first conductive structures 104. Therefore,
in these embodiments, a conductive structure (e.g., a source/
drain contact structure, a conductive via structure, or a gate
clectrode layer) made of the first conductive structures 104
and the second conductive structures 106 can have fewer
defects (e.g., voids or seams which are formed due to the fact
that the conductive structures formed on the first conductive
structures 104 connect to each other and hinder conductive
structures from forming on the exposed top surtace 1027 of
the dielectric structure 102).

In some embodiments, the second conductive structures
106 and the first conductive structures 104 are made of the
same metal. For example, the second conductive structures
106 may be made of Ru, Ir, Rh, Mo, N1, or Pt. For example,
the second conductive structures 106 may be nucle1 of Ru,
Ir, Rh, Mo, Ni, or Pt.

In some embodiments, the second conductive structures
106 are formed on the exposed top surface 102T of the
dielectric structure 102 using a chemical vapor deposition
process. In some embodiments, the chemical vapor deposi-
tion process for forming the second conductive structures
106 includes mtroducing a gas G4 on the top surface 1021
of the dielectric structure 102, as shown 1n FIG. 1D. In some
embodiments, the gas G4 includes the metal of the second
conductive structures 106. In some embodiments, the gas G4
includes a precursor containing the metal of the second
conductive structures 106. In some embodiments, the metal
in the precursor 1n the gas G4 1s deposited on the exposed top
surface 102T of the dielectric structure 102 by a chemical
vapor deposition to form the second conductive structures
106.

In some embodiments, the precursor 1n the gas G4 and the
precursor in the gas G1 include the same metal, so that the
first conductive structures 104 and the second conductive
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structures 106 include the same metal. In some embodi-
ments, the gas G4 and the gas G1 include the same precursor
(e.g., Ru,(CO),,). In some embodiments, the composition of
the gas G4 and the gas G1 are the same.

In some embodiments, the second conductive structures
106 are made of Ru, and the precursor in the gas G4 includes
Ru containing compounds, such as Ru,(CO),,, Ru(CO).,
C,H,,Ru, Ru(CO),C.H,, Ru(CO),(tmhd),, Ru(CO),
(acac),, Ru(C.H.)(C.Hy), Ru(acac),, RuO,, Ru(EtCp),,
RuCpPy, Ru Carbonyl diketone derivatives, Ru cyclopen-
tadienyl derivatives, or a combination thereof.

In some embodiments, the second conductive structures
106 are made of Ir, and the precursor in the gas G4 includes
Ir containing compounds, such as IrF,,

Ir(CH,COCHCOCH3),, or a combination thereof. In some

embodiments, the second conductive structures 106 are
made of Rh, and the precursor 1n the gas G4 includes Rh

contaiming compounds, such as Rh(CH,COCHCOCH,),
Rh(CO),, Rh(C;:H,F;0,);, or a combination thereof. In
some embodiments, the second conductive structures 106
are made ol Mo, and the precursor in the gas G4 includes Mo
containing compounds, such as MoCl,, MoF,, Mo(CO),, or
a combination thereof. In some embodiments, the second
conductive structures 106 are made of Ni, and the precursor
in the gas G4 includes N1 containing compounds, such as
Ni1(CO),, Ni(C.H.),, Ni(C.HF.O,),, or a combination
thereof. In some embodiments, the second conductive struc-
tures 106 are made of Pt, and the precursor in the gas G4
includes Pt containing compounds, such as Pt(CO),CL,.

The chemical vapor deposition process for forming the
second conductive structures 106 may be performed 1n a
deposition chamber. In some embodiments, the gas G1 and
the gas G4 are mtroduced into the same deposition chamber,
and the chemical vapor deposition for forming the first
conductive structures 104 and the chemical vapor deposition
for forming the second conductive structures 106 are per-
formed 1n the same deposition chamber. In some embodi-
ments, the chemical vapor deposition for forming the first
conductive structures 104 and the chemical vapor deposition
for forming the second conductive structures 106 are per-
formed 1n-situ 1n the same deposition chamber.

In some embodiments, during the chemical vapor depo-
sition process for forming the second conductive structures
106, the gas G4 1s introduced 1nto the deposition chamber at
a tlow rate 1n a range from about 10 sccm to about 5000
sccm. The flow rate of the gas G4 may be adjusted so that
the second conductive structures 106 may have improved
uniformaity.

In some embodiments, during the chemical vapor depo-
sition process for forming the second conductive structures
106, the gas G4 1s mtroduced into the deposition chamber
for a duration 1n a range from about 5 seconds to about 300
seconds. When the duration 1s too long, 1t 1s likely that top
portions of adjacent second conductive structures 106 are
connected while bottom portions of adjacent second con-
ductive structures 106 remain unconnected, which may
result in disadvantageous voids between adjacent second
conductive structures 106. When the duration 1s too short, 1t
may be hard to control the deposition behavior of the second
conductive structures 106.

In some embodiments, during the chemical vapor depo-
sition process for forming the second conductive structures
106, the pressure mside the deposition chamber 1s 1n a range
from about 0.0001 torr to about 0.01 torr. The pressure inside
the deposition chamber during the chemical vapor deposi-
tion process for forming the second conductive structures
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106 may be adjusted so that the uniformity of the second
conductive structures 106 may be improved.

In some embodiments, the metal 1n the gas G4 for forming
the second conductive structures 106 1s deposited on the
exposed top surface 1027 of the dielectric structure 102 at
a deposition temperature 1 a range ifrom about 100° C. to
about 400° C. The deposition temperature may be adjusted
so that defects 1n the second conductive structures 106 may
be reduced.

In some embodiments, during the chemical vapor depo-
sition for forming the second conductive structures 106,
some conductive structures 106' may also be formed on the
tops of the first conductive structures 104, as shown 1n FIG.
1D. The conductive structure 106' may be 1n direct contact
with the first conductive structure 104 but not i1n direct
contact with the dielectric structure 102. The conductive
structure 106' and the second conductive structures 106 may
be made of the same metal. In some embodiments, since the
passivating effect of the gas G2 on the surfaces of the first
conductive structures 104 1s greater than the passivating
cllect of the gas G2 on the top surface 102T of the dielectric
structure 102, the amount and/or the deposition rate of the
second conductive structure 106 1s greater than those of the
conductive structure 106', reducing the defects (e.g., voids or
seams) formed 1n a conductive structure (e.g., a source/drain
contact structure, a conductive via structure, or a gate
clectrode layer) made of the first conductive structures 104,
the second conductive structures 106 and the conductive
structures 106'.

Afterwards, a conductive structure 108 1s formed on the
top surface 102T of the dielectric structure 102 so as to form
a semiconductor structure 10, as shown in FIG. 1E in
accordance with some embodiments. A chemical vapor
deposition process for forming conductive structures (e.g.,
the conductive structures 104, 106 and 106") followed by a
modification process to passivate the surfaces of the con-
ductive structures may be referred to as a deposition-
modification cycle. In some embodiments, the conductive
structure 108 1s formed by repeating the deposition-modi-
fication cycle, and the conductive structure 108 1s made of
the conductive structures formed by each deposition-modi-
fication cycle. These deposition-modification cycles {for
forming the conductive structure 108 may be performed
in-situ 1n the same deposition chamber. For example, the
conductive structure 108 may be a source/drain contact
structure, a conductive via structure, or a gate electrode
layer.

For example, the chemical vapor deposition process
including the introduction of the gas G1 combined with the
modification process including the mtroduction of the gas
(G2 may be referred to as the first deposition-modification
cycle for forming the conductive structure 108, and the
chemical vapor deposition process icluding the introduc-
tion of the gas G4 into the deposition chamber may be
referred to as the chemical vapor deposition process of the
second deposition-modification cycle next to the first depo-
sition-modification cycle. The introduction of the gas G4
may be referred to as a repeat of the introduction of the gas
G1.

In some embodiments, a deposition-modification cycle
may further include a purging process (e.g., the purging
process which includes itroducing the purging gas G3 nto
the deposition chamber). In a deposition-modification cycle,
the purging process may be performed aiter the modification
process. In some embodiments, a deposition-modification
cycle may further include a vacuum process to remove
by-products from the deposition chamber.
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In some embodiments, since the conductive structure 108
1s formed by repeating the deposition-modification cycle,
the conductive structure 108 has fewer defects and lower

resistance, improving the performance of the semiconductor
structure 10.

In some embodiments, the conductive structure 108 1s
formed by performing the deposition-modification cycle
(e.g., a deposition-modification cycle which includes the
introduction of the gas G1 followed by the introduction of
the gas G2) between 10 and 60 times. The number of times
that the deposition-modification cycle i1s performed may be
adjusted so that the resistance of the conductive structure
108 1s lower due, for example, to fewer defects (e.g., voids
or seams) being formed 1n the conductive structure 108.

In some embodiments, the conductive structure 108
formed by repeating the deposition-modification cycle 1s
smooth and has fewer defects, and thus the adhesion
between the dielectric structure 102 and the conductive

structure 108 1s good and no additional adhesion layer
between the dielectric structure 102 and the conductive
structure 108 1s needed.

In some embodiments, by repeating the deposition-modi-
fication cycle, a metal (e.g., Ru, Ir, Rh, Mo, N1, or Pt) whose
diffusivity 1n the dielectric structure 102 1s low can be used
to form the conducive structure 108 on the dielectric struc-
ture 102 without increasing defects (e.g., voids or seams) 1n
the conductive structure 108, and thus no additional diffu-
sion barrier layer between the dielectric structure 102 and
the conductive structure 108 1s needed.

In some embodiments, by repeating the deposition-modi-
fication cycle, a metal (e.g., Ru, Ir, Rh, Mo, Ni, or Pt) whose
mean iree path 1s low can be used to form the conducive
structure 108 without increasing defects (e.g., voids or
seams) 1n the conductive structure 108, and thus the con-
ductive structure 108 has lower resistance.

FIGS. 2A, 2B, 2C, 2D, 2F, 2F, and 2G are cross-sectional
representations of various stages of a method for forming a
semiconductor structure, in accordance with some embodi-
ments of the present disclosure. It should be noted that
unless otherwise specified, in the embodiments illustrated in
FIGS. 2A to 2G, the elements the same as or similar to those
discussed 1n the above embodiments will be denoted by the
same reference numerals, and the matenials and forming
methods (e.g., the processes and the parameters) thereol may
also be the same as or similar to those discussed 1n the above
embodiments.

A dielectric layer 202 1s formed on the semiconductor
substrate 100, as shown 1n FIG. 2A 1n accordance with some
embodiments. The dielectric layer 202 may be the same as
or similar to the dielectric structure 102 of the above
embodiments, and thus the materials and methods for form-
ing the dielectric layer 202 may be the same as or similar to
those of the dielectric structure 102. In the interests of
simplicity, the details will not be discussed again.

Afterwards, a trench (or opening) H1 1s formed in the
dielectric layer 202, as shown in FIG. 2A 1n accordance with
some embodiments. The trench H1 may be defined by
sidewall surfaces S1 of the dielectric layer 202. The sidewall
surfaces S1 may be also referred to as sidewall surfaces of
the trench H1. In some embodiments, a lithography process
and an etching process are performed to remove a portion of
the dielectric layer 202 to form the trench H1 in the
dielectric layer 202. The lithography process may include
photoresist coating (e.g., spin-on coating), soit baking, mask
aligning, exposure, post-exposure baking, developing the
photoresist, rinsing and drying (e.g., hard baking). The
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etching process may include a dry etching process, a wet
etching process, or a combination thereof.

Afterwards, the first conductive structures 104 are formed
on the sidewall surfaces S1 of the dielectric layer 202, the
top surface of the dielectric layer 202 and the top surface of
the semiconductor substrate 100, as shown 1n FIG. 2B 1n
accordance with some embodiments. The sidewall surfaces
S1 of the dielectric layer 202, the top surface of the dielectric
layer 202, and the top surface of the semiconductor substrate
100 may be in direct contact with the first conductive
structures 104. In some embodiments, the first conductive
structures 104 are formed using a chemical vapor deposition
process. In some embodiments, the chemical vapor deposi-
tion process for forming the first conductive structures 104
on the sidewall surfaces S1 of the dielectric layer 202
includes introducing the gas G1 into the trench HI.

The chemical vapor deposition process for forming the
first conductive structures 104 may be performed in a
deposition chamber. In some embodiments, aifter forming
the trench H1, the semiconductor substrate 100 and the
dielectric layer 202 are transierred into a deposition cham-
ber, and then the gas G1 i1s mtroduced into the deposition
chamber to form the first conductive structures 104 by a
chemical vapor deposition. The parameters (e.g., tlow rate,
duration, pressure inside the deposition chamber, and depo-
sition temperature) of the mtroduction of the gas G1 in the
embodiments 1illustrated in FIGS. 1A-1E may also be
applied to the embodiments 1illustrated 1n FIGS. 2A-2G In
the interest of simplicity, the details will not be discussed
again.

Afterwards, a modification process 1s performed to
modily the surface properties of the first conductive struc-
tures 104, 1n accordance with some embodiments. In some
embodiments, the modification process includes introducing
the gas G2 on the surfaces of the first conductive structures
104, the exposed sidewall surfaces S1 and the exposed top
surface of the dielectric layer 202 to modily the surface
properties of the first conductive structures 104, as shown in
FIG. 2C. The mtroduction of the gas G2 1n the modification
process may also modily the surface properties of the
exposed sidewall surfaces S1 and the exposed top surface of
the dielectric layer 202.

The gas G2 used 1n the modification process may passi-
vate the surfaces of the first conductive structures 104. In
some embodiments, the gas G2 also passivates the exposed
sidewall surfaces S1 and the exposed top surface of the
dielectric layer 202, but the passivating eflect on the surfaces
of the first conductive structures 104 1s greater than the
passivating eflect on the exposed sidewall surfaces S1 and
the exposed top surface of the dielectric layer 202. In some
embodiments, due to the modification process, forming
conductive structures on the surfaces of the first conductive
structures 104 1s more diflicult than forming conductive
structures on the exposed sidewall surfaces S1 and the
exposed top surtace of the dielectric layer 202.

In some embodiments, the portion P1 of the gas G2 1s
absorbed on the surface of the first conductive structure 104,
and the portion P2 of the gas G2 1s absorbed on the exposed
sidewall surfaces S1 and the exposed top surface of the
dielectric layer 202, as shown in FIG. 2C. The bonding
strength between the first conductive structure 104 and the
portion P1 of the gas G2 may be higher than the bonding
strength between the dielectric layer 202 and the portion P2
of the gas G2. For example, the portion P1 of the gas G2 may
be chemically absorbed on the surface of the first conductive
structure 104, while the portion P2 of the gas G2 may be
physically absorbed on the sidewall surfaces S1 and the top
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surface of the dielectric layer 202. For example, the portion
P1 of the gas G2 may bind to the surface of the first
conductive structure 104 by a chemical bond, while the
portion P2 of the gas G2 may bind to the sidewall surfaces
S1 and the top surface of the dielectric layer 202 by a
physical bond.

In some embodiments, since the bonding strength
between the first conductive structure 104 and the portion P1
of the gas G2 1s greater than the bonding strength between
the dielectric layer 202 and the portion P2 of the gas G2, the
passivating eflect of the gas G2 on the surface of the first
conductive structure 104 1s greater than the passivating
ellect of the gas G2 on the sidewall surfaces S1 and the top
surface of the dielectric layer 202.

The gas G1 and the gas G2 may be introduced into the
same deposition chamber. In some embodiments, after the
formation of the first conductive structures 104, the gas G2
1s introduced 1nto the deposition chamber where the chemi-
cal vapor deposition for forming the first conductive struc-
tures 104 1s performed.

The parameters (e.g., flow rate, duration, and pressure
inside the deposition chamber) of the introduction of the gas
(G2 1n the embodiments 1llustrated 1n FIGS. 1A-1E may also
be applied to the embodiments illustrated in FIGS. 2A-2G In
the iterest of simplicity, the details will not be discussed
again.

Afterwards, the purging gas G3 may be optionally intro-
duced to purge the surfaces of the first conductive structures
104, the sidewall surfaces S1, and/or the top surface of the
dielectric layer 202, as shown 1n FIG. 2D 1n accordance with
some embodiments. The purging gas G3 may be introduced
into the trench H1 to purge the first conductive structures
104 1n the trench H1 and/or the sidewall surfaces S1 of the
dielectric layer 202.

In some embodiments, the portion P2 of the gas G2 1s
removed from the sidewall surfaces S1 and the top surface
of the dielectric layer 202 by purging these surfaces with the
purging gas G3, as shown 1n FIG. 2D. In some embodi-
ments, the portion P2 of the gas G2 1s removed from the
sidewall surfaces S1 and the top surface of the dielectric
layer 202 by the purging gas G3 while the portion P1 of the
gas (G2 still remains on the surfaces of the first conductive
structures 104. Therefore, 1n these embodiments, by intro-
ducing the purging gas G3, the passivating etfect of the gas
G2 on sidewall surfaces S1 and the top surface of the
dielectric layer 202 becomes further lower than the passi-
vating eflect of the gas G2 on the surfaces of the first
conductive structures 104.

The purging gas (3, the gas G2 and the gas G1 may be
introduced into the same deposition chamber. The param-
cters (e.g., tlow rate, duration, and pressure inside the
deposition chamber) of the imntroduction of the gas G3 1n the
embodiments 1illustrated in FIGS. 1A-1E may also be
applied to the embodiments 1illustrated 1n FIGS. 2A-2G In
the interest of simplicity, the details will not be discussed
again.

Afterwards, second conductive structures 106 are formed
on the exposed sidewall surfaces S1 and the exposed top
surface of the dielectric layer 202, as shown in FIG. 2E 1n
accordance with some embodiments. The sidewall surfaces
S1 and the top surface of the dielectric layer 202 may be 1n
direct contact with the second conductive structures 106.

In some embodiments, since the passivating effect of the
gas (32 on the surfaces of the first conductive structures 104
1s greater than the passivating eflect of the gas G2 on the
exposed sidewall surfaces S1 and the exposed top surface of
the dielectric layer 202, conductive structures (e.g., the
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second conductive structures 106) tend to form directly on
the exposed sidewall surfaces S1 and the exposed top
surface of the dielectric layer 202 rather than form directly
on the surfaces of the first conductive structures 104. There-
fore, 1n these embodiments, a conductive structure made of
the first conductive structures 104 and the second conductive
structures 106 can have fewer defects (e.g., voids or seams).

In some embodiments, the second conductive structures
106 are formed on the exposed sidewall surfaces S1 and the
exposed top surface of the dielectric layer 202 using a
chemical vapor deposition process. In some embodiments,
the chemical vapor deposition process for forming the
second conductive structures 106 includes mtroducing the
gas G4 on the sidewall surfaces S1 and the top surface of the
dielectric layer 202, as shown 1n FIG. 2E. The gas G4 may
be 1ntroduced into the trench H1 to form the second con-
ductive structures 106 in the trench H1. In some embodi-
ments, the metal 1n the precursor 1n the gas G4 1s deposited
on the exposed sidewall surfaces S1 and the exposed top
surface of the dielectric layer 202 by a chemical vapor
deposition to form the second conductive structures 106.

In some embodiments, the chemical vapor deposition for
forming the first conductive structures 104 and the chemaical
vapor deposition for forming the second conductive struc-
tures 106 are performed in-situ i the same deposition
chamber.

The parameters (e.g., flow rate, duration, pressure inside
the deposition chamber, and the deposition temperature) of
the introduction of the gas G4 1n the embodiments 1llustrated
in FIGS. 1A-1E may also be applied to the embodiments
illustrated 1n FIGS. 2A-2G In the mterest of simplicity, the
details will not be discussed again.

In some embodiments, during the chemical vapor depo-
sition for forming the second conductive structures 106,
conductive structures 106' may also be formed on the first
conductive structures 104. The conductive structure 106
may be 1n direct contact with the first conductive structure
104 but not 1n direct contact with the dielectric layer 202. In
some embodiments, the amount and/or the deposition rate of
the second conductlve structure 106 1s greater than those of
the conductive structure 106', reducing the defects (e.g.,
volds or seams) formed 1n a Conductive structure made of the
first conductive structures 104, the second conductive struc-
tures 106 and the conductive structures 106'.

Afterwards, the trench H1 1s filled with a conductive
structure 204, as shown in FIG. 2F 1n accordance with some
embodiments. In some embodiments, the conductive struc-
ture 204 1s formed by repeating the deposition-modification
cycle, and the conductive structure 204 1includes conductive
structures formed by each deposition-modification cycle.
These deposition-modification cycles for forming the con-
ductive structure 204 may be performed in-situ 1n the same
deposition chamber.

In some embodiments, the conductive structure 204
formed by repeating the deposition-modification cycle 1is
smooth and has fewer defects, and thus the adhesion
between the dielectric layer 202 and the conductive structure
204 1s good and no additional adhesion layer between the
conductive structure 204 and the sidewall surfaces S1 of the
dielectric layer 202 1s needed. In some embodiments, the
conductive structure 204 1s formed by performing the depo-
sition-modification cycle between 10 and 60 times.

In some embodiments, by repeating the deposition-modi-
fication cycle, a metal (e.g., Ru, Ir, Rh, Mo, N1, or Pt) whose
diffusivity 1n the dielectric layer 202 1s low can be used to
form the conducive structure 204 1n the dielectric layer 202
without increasing defects (e.g., voids or seams) in the
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conductive structure 204, and thus no additional diffusion
barrier layer between the conductive structure 204 and the
sidewall surfaces S1 of the dielectric layer 202 1s needed.

In some embodiments, by repeating the deposition-modi-
fication cycle, a metal (e.g., Ru, Ir, Rh, Mo, Ni, or Pt) whose
mean iree path 1s low can be used to form the conducive
structure 204 without increasing defects (e.g., voids or
seams) 1n the conductive structure 204, and thus the con-
ductive structure 204 has lower resistance.

Afterwards, a planarization process (e.g., a chemical
mechanical polishing process or an etch back process) 1s
performed to remove the top portion of the conductive
structure 204 to form a semiconductor structure 20, as
shown 1n FIG. 2G 1n accordance with some embodiments. In
some embodiments, after the planarization process, the
remaining portion of the conductive structure 204 in the
trench H1 serves as a conductive structure 208 of the
semiconductor structure 20. The conductive structure 208
may be a source/drain contact structure, a conductive via
structure, or a gate electrode layer. In some embodiments,
the top surface of the conductive structure 208 1s substan-
tially level with the top surface of the dielectric layer 202.

FIGS. 3A to 3F are perspective representations of various
stages of a method for forming a semiconductor structure, 1n
accordance with some embodiments of the disclosure. FIG.
4A 1s a cross-sectional representation taken along the cut
line A-A of FIG. 3F. FIG. 4B 1s a cross-sectional represen-
tation which illustrates a stage following the stage 1llustrated
in FIG. 4A of a method for forming a semiconductor
structure, 1n accordance with some embodiments.

A semiconductor substrate 300 1s provided, as shown 1n
FIG. 3A 1n accordance with some embodiments. The semi-
conductor substrate 300 may be the same as or similar to the
semiconductor substrate 100 of the above embodiments. In
the iterest of simplicity, the details will not be discussed
again.

Afterwards, a fin structure 300q 1s formed on the semi-
conductor substrate 300, as shown in FIG. 3A 1n accordance
with some embodiments. The fin structure 300a may be
formed by patterning the semiconductor substrate 300 using
a lithography process, an etching process, another applicable
process, or a combination thereof. In some embodiments,
the fin structure 300a has a width that gradually increases
from the top portion to the lower portion, as shown 1n FIG.
3A.

After the fin structure 300« 1s formed, an 1solation struc-
ture 306 1s formed over the substrate 300, and the fin
structure 300a 1s surrounded by the i1solation structure 306,
as shown 1n FIG. 3B 1n accordance with some embodiments.
The 1solation structure 306 may be formed by depositing an
insulating layer over the substrate 300 and recessing the
insulating layer. In some embodiments, the 1solation struc-
ture 306 1s made of silicon oxide, silicon nitride, silicon
oxynitride, fluoride-doped silicate glass (FSG), other appli-
cable dielectric materials, or a combination thereof.

Afterwards, a dummy gate structure 308 1s formed across
the fin structure 300a and extends over the 1solation struc-
ture 306, as shown 1n FIG. 3B in accordance with some
embodiments. The dummy gate structure 308 may include a
dummy gate dielectric layer 310, a dummy gate electrode
layer 312, and a capping layer 313.

The dummy gate dielectric layer 310 may be made of
silicon oxide, other applicable dielectric materials, or a
combination thereof. The dummy gate electrode layer 312
may be made of poly-silicon, or other applicable matenals.
The capping layer 313 may be made of silicon nitride, or
other applicable materials. The dummy gate dielectric layer
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310, the dummy gate electrode layer 312, and the capping
layer 313 may be formed by suitable deposition processes
(e.g., chemical vapor deposition process, and physical vapor
deposition process).

After the dummy gate structure 308 1s formed, spacers
314 arc formed on sidewalls of the dummy gate structure
308, as shown 1n FIG. 3B 1n accordance with some embodi-
ments. In some embodiments, the spacers 314 are made of
s1licon nitride, silicon oxide, other applicable materials, or a
combination thereof. In some embodiments, the spacers 314
are Tormed by a deposition process (e.g., a chemical vapor
deposition process) followed by an anisotropic etching pro-
CEesS.

Afterwards, source/drain (S/D) structures 316 are formed
over and/or 1n the fin structure 300a, as shown 1n FIG. 3B
in accordance with some embodiments. In some embodi-
ments, portions of the fin structure 300a adjacent to the
dummy gate structure 308 are recessed to form recesses, and
a strained material 1s grown 1n the recesses by an epitaxial
(ep1) process to form the S/D structures 316. In addition, the
lattice constant of the strained material may be different
from the lattice constant of the semiconductor substrate 300.
In some embodiments, the S/D structures 316 include Si, Ge,
S1Ge, InAs, InGaAs, InSh, GaAs, GaSb, InAlP, InP, other
applicable materials, or a combination thereof.

After the source/drain structures 316 are formed, a dielec-
tric layer (e.g., an mterlayer dielectric layer) 318 1s formed
over the semiconductor substrate 300 and the fin structure
300a, as shown in FIG. 3C 1n accordance with some
embodiments. The dielectric layer 318 may cover the
source/drain structures 316. The materials and methods for
forming the dielectric layer 318 may be the same as or
similar to those of the dielectric structure 102 and the
dielectric layer 202 of the above embodiments, and the
details will not be discussed again.

Afterwards, the dummy gate structure 308 1s removed to
form a trench (or recess) H2 in the dielectric layer 318, and
a gate dielectric layer 320q 1s formed in the trench H2 1n the
dielectric layer 318, as shown in FIG. 3C 1n accordance with
some embodiments. The trench H2 may be formed using a
dry etching process, a wet etching process, or a combination
thereof. The materials and methods for forming the gate
dielectric layer 320a may be the same as or similar to those
of the dielectric structure 102 and the dielectric layer 202 of
the above embodiments, and the details will not be discussed
again.

Afterwards, a gate electrode layer 3205 1s formed on the
gate dielectric layer 320a 1n the trench H2, as shown 1n FIG.
3D 1n accordance with some embodiments. The gate elec-
trode layer 3206 combined with the gate dielectric layer
320a may be referred to as a gate stack 320. The materials
and methods for forming the gate electrode layer 3206 may
be the same as or similar to those of the conductive structure
108 and the conductive structure 208 of the above embodi-
ments, and the details will not be discussed again.

In some embodiments, the gate dielectric layer 320a 1s
similar to the dielectric structure 102 and the dielectric layer
202 of the above embodiments, and the gate electrode layer
3206 1s similar to the conductive structure 108 and the
conductive structure 208 of the above embodiments. In these
embodiments, the gate electrode layer 32056 1s formed on the
surfaces of the gate dielectric layer 302a by repeating the
deposition-modification cycle, and thus the gate electrode
layer 3206 has fewer defects (e.g., voids or seams).

Afterwards, the gate stack 320 1s recessed by an appli-
cable process (e.g., a dry etching process, a wet etching
process, or a combination thereot), and a hard mask 322 1s
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formed on the gate stack 320, as shown in FIG. 3E 1n
accordance with some embodiments. The hard mask 322
may be formed by a chemical vapor deposition process,
another applicable process, or a combination thereof.

Afterwards, trenches (or openings) H3 are formed i the
dielectric layer 318 to expose the source/drain structures
316, and source/drain (S/D) contact structures 324 are
formed 1n the trenches H3 to form a semiconductor structure
30, as shown 1n FIGS. 3F and 4A 1n accordance with some
embodiments. The trenches H3 may be also referred to as
contact holes H3. The trenches H3 may be formed by a
lithography process followed by an etching process. The
hard mask 322 and the dielectric layer 318 may be made of
different materials. The etching selectivity of the hard mask
322 with respect to the dielectric layer 318 may be high
enough. Therefore, the etching process for forming the
trenches H3 1s a self-aligned etching process, 1n accordance
with some embodiments.

The materials and methods for forming the source/drain
contact structures 324 may be the same as or similar to those
for forming the conductive structure 108 and the conductive
structure 208 of the above embodiments, and the details will
not be discussed again.

In some embodiments, the dielectric layer 318 i1s similar
to the dielectric structure 102 and the dielectric layer 202 of
the above embodiments, and the source/drain contact struc-
ture 324 1s similar to the conductive structure 108 and the
conductive structure 208 of the above embodiments. In these
embodiments, the source/drain contact structure 324 1s
formed on the surfaces (e.g., sidewall surfaces of the dielec-
tric layer 318 defining the trench H3) of the dielectric layer
318 by repeating the deposition-modification cycle, and thus
the source/drain contact structure 324 has fewer defects
(e.g., voids or seams) and lower resistance, improving the
performance of the semiconductor structure 30.

In some embodiments, the source/drain contact structure
324 formed by repeating the deposition-modification cycle
1s smooth and has fewer defects, and thus the adhesion
between the dielectric layer 318 and the source/drain contact
structure 324 1s good and no additional adhesion layer
between the source/drain contact structure 324 and the
dielectric layer 318 1s needed.

In some embodiments, by repeating the deposition-modi-
fication cycle, a metal (e.g., Ru, Ir, Rh, Mo, Ni, or Pt) whose
diffusivity 1n the dielectric layer 318 1s low can be used to
form the source/drain contact structure 324 1in the dielectric
layer 318 without increasing defects (e.g., voids or seams) 1n
the source/drain contact structure 324, and thus no addi-
tional diflusion barrier layer between the source/drain con-
tact structure 324 and the dielectric layer 318 1s needed. In

some embodiments, the source/drain contact structure 324 1s
in direct contact with the sidewall surfaces of the dielectric
layer 318.

In some embodiments, by repeating the deposition-modi-
fication cycle, a metal (e.g., Ru, Ir, Rh, Mo, N1, or Pt) whose
mean Iree path 1s low can be used to form the source/drain
contact structure 324 without increasing defects (e.g., voids
or seams) 1n the source/drain contact structure 324, and thus
the source/drain contact structure 324 has lower resistance.

Afterwards, a dielectric layer 402 1s formed on the S/D
contact structures 324 and the hard mask 322, as shown in
FIG. 4B 1n accordance with some embodiments. The dielec-
tric layer 318 may be between the dielectric layer 402 and
the semiconductor substrate 300. In some embodiments, the
dielectric layer 402 1s formed on the dielectric layer 318, and
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the methods and matenals for forming the dielectric layer
402 may be the same as or similar to those for forming the
dielectric layer 318.

Afterwards, a trench (or opening) H4 1s formed in the
dielectric layer 402, and a conductive via structure 404 is
formed 1n the trench H4 to form a semiconductor structure
40, as shown 1n FIG. 4B 1n accordance with some embodi-
ments. The trench H4 may be formed by a lithography
process followed by an etching process. The etching selec-
tivity of the hard mask 322 with respect to the dielectric
layer 402 may be high, and the etching process for forming
the trench H4 may be a self-aligned etching process.

In some embodiments, the conductive via structure 404 1s
clectrically connected to the S/D contact structure 324. The
conductive via structure 404 may be in direct contact with
the S/D contact structure 324.

The materials and methods for forming the conductive via
structure 404 may be the same as or similar to those for
forming the conductive structure 108 and the conductive
structure 208 of the above embodiments, and the details will
not be discussed again.

In some embodiments, the dielectric layer 402 1s similar
to the dielectric structure 102 and the dielectric layer 202 of
the above embodiments, and the conductive via structure
404 1s similar to the conductive structure 108 and the
conductive structure 208 of the above embodiments. In these
embodiments, the conductive via structure 404 1s formed on
the surfaces (e.g., sidewall surfaces of the dielectric layer

402 defining the trench H4) of the dielectric layer 402 by

repeating the deposition-modification cycle, and thus the
conductive via structure 404 has fewer defects (e.g., voids or
seams) and lower resistance, improving the performance of
the semiconductor structure 40.

In some embodiments, the conductive via structure 404
formed by repeating the deposition-modification cycle 1s
smooth and has fewer defects, and thus the adhesion
between the dielectric layer 402 and the conductive via
structure 404 1s good and no additional adhesion layer
between the conductive via structure 404 and the dielectric
layer 402 1s needed.

In some embodiments, by repeating the deposition-modi-
fication cycle, a metal (e.g., Ru, Ir, Rh, Mo, N1, or Pt) whose
diffusivity 1n the dielectric layer 402 1s low can be used to
form the conductive via structure 404 1n the dielectric layer
402 without increasing defects (e.g., voids or seams) 1n the
conductive via structure 404, and thus no additional diffu-
sion barrier layer between the conductive via structure 404
and the dielectric layer 402 1s needed. In some embodi-
ments, the conductive via structure 404 1s in direct contact
with the sidewall surfaces of the dielectric layer 402.

In some embodiments, by repeating the deposition-modi-
fication cycle, a metal (e.g., Ru, Ir, Rh, Mo, N1, or Pt) whose
mean free path 1s low can be used to form the conductive via
structure 404 without increasing defects (e.g., voids or
scams) 1n the conductive via structure 404, and thus the
conductive via structure 404 has lower resistance.

As described previously, in some embodiments, the
method for forming the conductive structure 108 on the
dielectric structure 102 1ncludes mtroducing the gas G1 on
the dielectric structure 102 to form the first conductive
structure 104, introducing the gas G2 on the first conductive
structure 104, and introducing the gas G4 on the first
conductive structure 104 and the dielectric structure 102 to
form the second conductive structure 106. The gas G4 may
passivate the surface of the first conductive structure 104, so
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that the conductive structure 108 made of the first conduc-
tive structure 104 and the second conductive structure 106
may have fewer defects.

As described previously, in some embodiments, the
method for forming the conductive structure 208 in the 5
trench H1 includes introducing the gas G1 into the trench H1
to form the first conductive structure 104, itroducing the
gas (G2 into the trench H1, and introducing the gas G4 into
the trench H1 to form the second conductive structure 106.
The gas G4 may passivate the surface of the first conductive 10
structure 104. Therefore, the conductive structure 208
including the first conductive structure 104 and the second
conductive structure 106 may have fewer defects.

Embodiments of methods for forming semiconductor
structures are provided. The method for forming semicon- 15
ductor structure includes introducing a {irst gas on a dielec-
tric structure to form first conductive structures on the
dielectric structure, introducing a second gas different from
the first gas on the dielectric structure, and introducing a
third gas on the dielectric structure to form second conduc- 20
tive structures on the dielectric structure. The second gas
may passivate the surfaces of the first conductive structures,
so that a conductive structure including the first conductive
structures and the second conductive structures may have
tewer defects (e.g., voids or seams). 25

In some embodiments, a method for forming a semicon-
ductor structure 1s provided. The method includes forming a
dielectric structure on a semiconductor substrate, introduc-
ing a first gas on the dielectric structure to form first
conductive structures on the dielectric structure, and intro- 30
ducing a second gas on the first conductive structures and the
dielectric structure. The second gas 1s diflerent from the first
gas. The method also includes introducing a third gas on the
first conductive structures and the dielectric structure to
form second conductive structures on the dielectric struc- 35
ture. The first gas and the third gas comprise the same metal.

In some embodiments, a method for forming a semicon-
ductor structure 1s provided. The method includes forming a
dielectric layer on a semiconductor substrate, and etching
the dielectric layer to form a trench in the dielectric layer. 40
The trench 1s defined by sidewalls of the dielectric layer. The
method also includes introducing a first precursor into the
trench to form first conductive structures on the sidewalls of
the dielectric layer. The first conductive structures are made
of Ru, and the first precursor comprises Ru,(CO),,, 45
Ru(CO),, C,,H,,Ru, Ru(CO);C.H,;, Ru(CO),(tmhd),,
Ru(CO),(acac),, Ru(C.H,)(C.Hy), Ru(acac),, RuO,,
Ru(EtCp),, RuCpPy, Ru Carbonyl diketone derivatives, Ru
cyclopentadienyl derivatives, or a combination thereof. The
method also includes mtroducing a first gas into the trench. 50
A first portion of the first gas 1s absorbed on surfaces of the
first conductive structures, and a second portion of the first
gas 1s absorbed on sidewalls of the dielectric layer. The
method also includes introducing a second precursor into the
trench to form second conductive structures on the sidewalls 55
of the dielectric layer. The second conductive structures are
made of Ru, and the second precursor comprises Ru,(CO), ,,
Ru(CO),, C,,H,,Ru, Ru(CO);C.H,;, Ru(CO),(tmhd),,
Ru(CO),(acac),, Ru(CH:)C.H,;), Ru(acac);,, RuO,,
Ru(EtCp),, RuCpPy, Ru Carbonyl diketone derivatives, Ru 60
cyclopentadienyl dertvatives, or a combination thereof.

In some embodiments, a method for forming a semicon-
ductor structure 1s provided. The method includes forming a
first dielectric layer on a semiconductor substrate, forming a
first opening 1n the first dielectric layer, transferring the 65
semiconductor substrate and the first dielectric layer into a
deposition chamber, mtroducing a first precursor into the
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deposition chamber 1n a deposition process to form a first
conductive structure 1n the first opening and on a surface of
the first dielectric layer, mtroducing a first gas into the
deposition chamber in a modification process to modily a
surface property of the first conductive structure; and 1ntro-
ducing a second precursor nto the deposition chamber to
form a second conductive structure 1n the first opening and
on the surface of the first dielectric layer. The first precursor
and the second precursor comprise the same metal, and the
first gas 1s iree of the metal.
The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects ol the present disclosure. Those skilled 1n the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modilying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.
What 1s claimed 1s:
1. A method for forming a semiconductor structure,
comprising:
forming a dielectric structure on a semiconductor sub-
strate, wherein the dielectric structure has an opening
exposing a top surface of the semiconductor substrate;

introducing a first gas on the dielectric structure to form
first conductive structures 1n direct contact with the
dielectric structure and the top surface of the semicon-
ductor substrate:

introducing a second gas on the first conductive structures

and the dielectric structure, wherein the second gas 1s
different from the first gas;

purging the dielectric structure with a purging gas after

the introduction of the second gas and before the
introduction of the third gas, wherein the first conduc-
tive structures remain on a portion of a top surface of
the dielectric structure, a portion of sidewalls of the
dielectric structure and the top surface of the semicon-
ductor substrate after the purging; and

introducing a third gas on the first conductive structures

and the dielectric structure to form second conductive
structures on the dielectric structure, wherein the first
gas and the third gas comprise a same metal, and
wherein after the purging and before forming the sec-
ond conductive structures, a portion of the sidewalls of
the dielectric structure in the opening and a portion of
the top surface of the dielectric structure are exposed.

2. The method for forming a semiconductor structure as
claimed 1n claim 1, wherein the metal 1s ruthenium (Ru),
iridium (Ir), rhodium (Rh), molybdenum (Mo), nickel (N1),
or platinum (Pt).

3. The method for forming a semiconductor structure as
claimed 1n claim 1, wherein the second gas comprises CO,
NH;, O,, N,O, NO, H,, N,, or a combination thereof.

4. The method for forming a semiconductor structure as
claimed 1n claim 1, wherein the second gas does not com-
prise the metal.

5. The method for forming a semiconductor structure as
claimed in claim 1, wherein the first gas comprises Ru,
(CO),,, Ru(CO),, C,,H,,Ru, Ru(CO),C.H;, Ru(CO),
(tmhd),, Ru(CO),(acac),, Ru(CH:)C.H,), Ru(acac),,
Ru0O,, Ru(EtCp),, RuCpPy, Ru Carbonyl diketone
derivatives, Ru cyclopentadienyl denivatives, IrF.,
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Ir(CH;COCHCOCH3),, Rh(CH,COCHCOCH,);, Rh
(CO),, Rh(CH,F,0.,),, MoCl,, MoF ., Mo(CO),, N1(CO),,
Ni(C.H;),, Ni(C.HF.O,),, Pt(CO),Cl,, or a combination
thereof.

6. The method for forming a semiconductor structure as
claimed 1n claim 1,

wherein the purging gas comprises N,, Ar, He, or a

combination thereof.

7. The method for forming a semiconductor structure as
claimed 1n claim 1, wherein after forming the first conduc-
tive structures and before forming the second conductive
structures, a portion of a top surface of the dielectric
structure 1s exposed.

8. The method for forming a semiconductor structure as
claimed in claam 7, the portion of the top surface of the
dielectric structure 1s covered by the second conductive
structures.

9. A method for forming a semiconductor structure,
comprising:

forming a dielectric layer on a semiconductor substrate;

etching the dielectric layer to form a trench in the dielec-

tric layer, wherein the trench 1s defined by sidewalls of
the dielectric layer and a top surface of the semicon-
ductor substrate;
introducing a first precursor into the trench to form first
conductive structures in direct contact with the side-
walls of the dielectric layer and the top surface of the
semiconductor substrate, wherein the first conductive
structures are made of Ru, and the first precursor
comprises Ru,(CO),,, Ru(CO)., C,H,,Ru, Ru(CO),
C.H;, Ru(CO),(tmhd),, Ru(CO),(acac),, Ru(C.H)
(CcHy), Ru(acac),, RuO,, Ru(EtCp),, RuCpPy, Ru
Carbonyl diketone derivatives, Ru cyclopentadienyl
derivatives, or a combination thereof;
introducing a first gas into the trench, wherein a first
portion of the first gas 1s absorbed on surfaces of the
first conductive structures, and a second portion of the
first gas 1s absorbed on sidewalls of the dielectric layer;

introducing a purging gas into the trench to remove the
second portion of the first gas absorbed on sidewalls of
the dielectric layer, wherein after introducing the purg-
ing gas, a first portion of the first conductive structures
remain on a top surface of the dielectric layer, and a
second portion of the first conductive structures remain
on the sidewalls of the dielectric layer, wherein the first
portion of the first conductive structures are separated
from each other, and the second portion of the first
conductive structures are separated from each other;
and

introducing a second precursor mnto the trench to form

second conductive structures on the sidewalls of the
dielectric layer, wherein the second conductive struc-
tures are made of Ru, and the second precursor com-
prises Ru,(CO),,, Ru(CO)., C, H,,Ru, Ru(CO),
C.Hy, Ru(CO),(tmhd),, Ru(CO),(acac),, Ru(C.H)
(CcHy), Ru(acac),, RuO,, Ru(EtCp),, RuCpPy, Ru
Carbonyl diketone dernivatives, Ru cyclopentadienyl
derivatives, or a combination thereof, wherein the first
conductive structures and the second conductive struc-
tures are 1n direct contact with the dielectric layer in the
trench.

10. The method for forming a semiconductor structure as
claimed 1n claim 9, wherein the first portion of the first gas
1s chemically absorbed on surfaces of the first conductive
structures, and the second portion of the first gas 1s physi-
cally absorbed on sidewalls of the dielectric layer.
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11. The method for forming a semiconductor structure as
claimed 1n claim 10, wherein the first gas comprises CO,

NH;, O,, N,O, NO, H,, N,, or a combination thereof.

12. The method for forming a semiconductor structure as
claimed 1n claim 11, before the introduction of the second
precursor and after introducing the purging gas,

the first portion of the first gas remains absorbed on the
surfaces of the first conductive structures.

13. A method for forming a semiconductor structure,
comprising;

forming a first dielectric layer on a semiconductor sub-
strate;

ctching the first dielectric layer to form a first opening 1n
the first dielectric layer;

transferring the semiconductor substrate and the first
dielectric layer into a deposition chamber;

introducing a first precursor nto the deposition chamber
in a deposition process to form first conductive struc-
tures made of Ru 1n the first opening and on a surface
of the first dielectric layer;

introducing a first gas into the deposition chamber 1n a
modification process to modily a surface property of
the first conductive structures; and

introducing a second precursor into the deposition cham-
ber to form second conductive structures made of Ru in
the first opening and on the surface of the first dielectric
layer, wherein the first precursor and the second pre-
cursor comprise a same metal, and the first gas 1s free
of the metal, and wherein the first conductive structures
and the second conductive structures are in direct
contact with the first dielectric layer 1n the first opening,
and wherein one of the second conductive structures 1s
formed between and 1n direct contact with two adjacent
first conductive structures, and another one of the
second conductive structures 1s formed on the first
conductive structure and suspended on a sidewall of the
first dielectric layer.

14. The method for forming a semiconductor structure as
claimed 1n claim 13, wherein the metal 1s Ru, and the first
precursor 1s introduced 1nto the deposition chamber at a flow
rate 1n a range from about 10 sccm to about 500 sccm for a
duration 1n a range from about 1 second to about 60 seconds,
and a pressure inside the deposition chamber during the
introduction of the first precursor 1s 1n a range from about

0.0001 torr to about 0.01 torr.

15. The method for forming a semiconductor structure as
claimed 1n claim 14, wherein the first precursor comprises
Ru,(CO),,, Ru(CO),, C,H,,Ru, Ru(CO),C.H,, Ru(CO),
(tmhd),, Ru(CO),(acac),, Ru(CH)(C.Hg), Ru(acac),,
RuO,, Ru(EtCp),, RuCpPy, Ru Carbonyl diketone deriva-
tives, Ru cyclopentadienyl derivatives, or a combination
thereof.

16. The method for forming a semiconductor structure as
claimed 1n claim 13, further comprising:

forming a {in structure on the semiconductor substrate;

forming a source/drain structure on the fin structure;

forming a gate stack across the fin structure; and

repeating the deposition process and the modification
process to form a source/drain contact structure in the
first opening, wherein the source/drain contact structure
comprises the first conductive structure and the second
conductive structure and 1s 1n direct contact with the
source/drain structure.
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17. The method for forming a semiconductor structure as 18. The method for forming a semiconductor structure as
claimed 1n claim 13, further comprising: claimed in claim 13, wherein the first opening exposes a top
forming a fin structure on the semiconductor substrate; surface of the semiconductor substrate, and the first con-

forming a source/drain structure on the fin structure;
forming a second dielectric layer on the fin structure and 4
covering the source/drain structure;

ductive structures are 1n direct contact with the first dielec-
tric layer and the top surface of the semiconductor substrate.

forming a gate stack across the fin structure; 19. The method for forming a semiconductor structure as

removing a portion of the second dielectric layer to form claimed 1n claim 13, wherein sidewalls of the first dielectric
a second opening exposing the source/drain structure; layer 1n the first opening 1s filled with the first conductive

filling the second opening with a conductive material to 1o structures and the second conductive structures without
form a source/drain contact structure 1n the second  peing exposed after forming the second conductive struc-
opening; and tres.

repeating the deposition process and the modification
process to form a conductive via structure in the first
opening, wherein the second dielectric layer 1s between
the semiconductor substrate and the first dielectric
layer, and the conductive via structure comprises the
first conductive structure and the second conductive
structure and 1s electrically connected to the source/
drain contact structure. S I T

20. The method for forming a semiconductor structure as

claimed 1n claim 13, wherein a portion of the first conductive

15 structures and a portion of the second conductive structures

are on a top surface of the first dielectric layer, and the

portion of the first conductive structures are in direct contact
with the portion of the second conductive structures.
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